Abstract Simultaneous bilateral TKAs subject patients to more arduous and painful functional recovery and increased risk of hemodynamic complications than staged bilateral TKAs. Minimally invasive TKA (MIS-TKA) reportedly results in more rapid return of function by limiting the amount of soft tissue disruption. We asked whether bilateral MIS-TKA had advantages over conventional TKA with respect to faster functional recovery. We prospectively randomized 30 patients into an MIS group (mini-medial parapatellar approach, 15 patients) and a conventional group (conventional medial parapatellar approach, 15 patients). We recorded range of motion and the time required to regain the ability to walk without assistance. Functional recovery in the MIS group was faster in rehabilitation milestones of walking without assistance and gain in range of motion. Minimally invasive TKA may benefit patients undergoing simultaneous bilateral procedures with faster functional recovery. Level of Evidence: Level II, therapeutic study. See the Guidelines for Authors for a complete description of levels of evidence.
Introduction
Functional recovery during the early postoperative period after simultaneous bilateral TKAs often is arduous and painful despite decreased overall rehabilitation time and economic costs compared with staged bilateral TKAs [3, 5, 9] . Also, increased blood loss from the bilateral simultaneous procedures poses greater risks for hemodynamic complications and transfusion-related problems [9, 11] .
Minimally invasive TKA (MIS-TKA) reportedly results in more rapid achievement of rehabilitation milestones and range of motion and reduces pain during the postoperative period [1, 7, 8, 19] . Minimally invasive TKA also may reduce blood loss and the incidence of hemodynamic complications by limiting the amount of soft tissue disruption over conventional TKA [10, 13, [18] [19] [20] . However, prolonged operative time and limited exposure in MIS-TKA may increase the risk of perioperative complications such as thromboembolic complications and malpositioning of the components [1, 7, 19] . We questioned whether bilateral MIS-TKAs diminish the disadvantages of bilateral conventional TKAs.
We asked whether bilateral MIS-TKAs result in faster functional recovery in terms of achieving the ability to walk without assistance and range of motion (ROM) than bilateral conventional TKAs.
Materials and Methods
We prospectively recruited all 32 consecutive patients who had bilateral simultaneous primary TKAs between November 2004 and May 2005. All 32 patients agreed to participate in the study. Inclusion criteria were: (1) age younger than 70 years; (2) no cardiopulmonary comorbidities; (3) flexion Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article.
contracture of 30°or less; (4) body mass index of 33 kg/m 2 or less; and (5) diagnosis of osteoarthritis. Approval was obtained from the Institutional Review Board, and all patients provided informed consent after receiving a complete description of the study.
We performed a power analysis on the primary outcomes of the time to regain ability to walk without assistance and amount of range of motion (ROM) achieved during the postoperative 2 weeks. For the time to regain ability to walk without assistance, Tashiro et al. [19] reported a standard deviation of 4.9 days in a cohort of patients undergoing unilateral MIS-TKA. If similar variability is observed in our patients, then a sample of 15 subjects in each study group (30 subjects total), will provide 80% power (a = 0.05) to detect a difference of 5 days [19] . For ROM, Laskin et al. [10] reported a standard deviation of 12°in a cohort of patients undergoing unilateral MIS-TKA. If similar variability is observed in our patients, then a sample of 15 subjects in each study group (30 subjects total) will provide 80% power (a = 0.05) to detect a difference of 10 o [10] . Thus, 30 patients were needed. One patient who had a flexion contracture greater than 30°and one patient with a diagnosis of rheumatoid arthritis were excluded ( Fig. 1) [14] . Thus, 30 patients (28 females; two males) were randomized into one of two groups using a table of random numbers: bilateral MIS-TKAs or conventional TKA. Patients with even numbers were assigned to the conventional group, and those with odd numbers were assigned to the MIS group. All patients received allocated treatment and no patient was lost to followup in either group. Patients were followed a minimum of 24 months (mean, 28 months; range, 24-31 months). There were no noteworthy differences in the preoperative variables between the two groups ( Table 1) .
All surgeries were performed by the senior author (MCL), and the Nexgen LPS-Flex total knee system (Zimmer, Warsaw, IN) was used in all patients. The bilateral procedures were performed sequentially using a single anesthetic. Patients were placed in the supine position with both legs free on the operating table. A tourniquet was inflated throughout the procedure until the implants were cemented in both groups. For the MIS group, a straight midline skin incision was made from the superior pole of the patella to the level just medial to the tibial tuberosity. A mini-median parapatellar capsular incision was made extending proximally approximately 2 to 4 cm along the medial border of the quadriceps tendon. The patella was not everted throughout the procedure. Osteophytes and infrapatellar fat pad were removed to ease soft tissue tension and allow better exposure. Distal cutting of the femur was performed first with the knee flexed 90°. An intramedullary referenced cutting block was used that allowed for distal femoral valgus angles in 1°increments. The proximal tibia then was resected using an extramedullary alignment guide with special care taken to avoid injuring the patellar ligament. Next, a symmetric extension gap was ascertained using spacer blocks. After determination of femoral external rotation according to the symmetry of the flexion gap, the anterior and posterior chamfer cuts of the femur were performed. Soft tissue releases were performed as needed. The instruments that were used in the conventional group were modified to a smaller size for use in the MIS group, which allowed a smaller incision. For the conventional group, a median parapatellar incision was made extending approximately 10 cm to the interval just central to the junction of the rectus femoris and vastus medialis muscles. The patella was left everted throughout the procedure. In both groups, the patella was resected with a freehand technique after preparations for the femur and the tibia were completed. The components were implanted using standard cementing techniques in the order of the tibia, femur, and patella. All patients were monitored in the intensive care unit for the initial postoperative 24 hours. Closed suction drainage was used for 48 hours in both groups.
The same postoperative rehabilitation protocol was used for both groups. Patients began knee flexion exercises using a continuous passive motion exercise machine on the first day after surgery. They were allowed to perform straight leg raising exercises immediately while in the recovery room and were allowed to stand or walk using a knee immobilizer for support and a walker for balance on the first day after surgery. Intravenous patient-controlled anesthesia was used in 27 patients (14 in the MIS group and 13 in the conventional group), and epidural patient-controlled anesthesia was used in three (one in the MIS group and two in the conventional group). Patient-controlled anesthesia was continued as needed during the hospital stay. Most of the patients were discharged after approximately 2 weeks of hospitalization.
Postoperative blood loss, recorded as total closed suction drainage output, was less in the MIS group than in the conventional group (609 versus 871 mL), however, tourniquet time was longer in the MIS group (77 versus 63 minutes) ( Table 2 ). The length of the skin incision, measured with the knee extended, was shorter in the MIS group than in the conventional group (13.4 versus 10.6 cm). There were no complications related to the operative procedure or clinically detectable deep vein thrombosis in either group. The amount of medication used for intravenous or epidural patient-controlled anesthesia and the number of intramuscular injections of analgesics required by each patient were similar between the two groups. The position of the components and alignment of the limb (tibiofemoral angle), measured with standing anteroposterior, lateral, and tangential patella radiographs with the knee in 30°flexion by one of the investigators (JHY) who was blind to the type of operative procedure, were similar between the two groups. The time to regain the ability to walk without assistance was recorded and reported by the patients at the outpatient clinic followup. Patients were followed up 2 weeks, 6 weeks, 3 months, 6 months, and yearly thereafter. Range of motion was measured daily until 1 week postoperative and then at 10 and 14 days postoperative by one of the investigators (IH) using a goniometer and the standardized technique.
For comparison of ROM, the mean value of both knees of each patient was used for statistical analyses to account for within-subject correlation. Range of motion and time to walk without assistance was compared by independent unpaired t-tests as continuous variables that met the parametric assumptions. A p value less than 0.05 was considered significant for the time to walk without assistance. The p value of ROM was adjusted to 0.005 to correct for multiple comparisons using the Bonferroni method. Analyses were performed using SPSS for Windows statistical package (version 11.5; SPSS, Chicago, IL).
Results
The time to regain the ability to walk without assistance was significantly faster in the MIS group (p = 0.043). Patients in the MIS group averaged 32 days (± 11) and patients in the conventional group averaged 45 days (± 21). The gain of ROM was faster in the MIS group at postoperative Day 4 (100 ± 15 vs. 87 ± 14; p = 0.005), Day 5 (108 ± 13 vs. 94 ± 14; p = 0.001), Day 6 (115 ± 11 vs. 100 ± 14; p \ 0.001), and Day 7 (118 ± 10 vs. 105 ± 15; p = 0.002).
Discussion
Simultaneous bilateral TKAs provide the advantages of a quicker return of function with fewer days of hospitalization and reduced economic costs than staged bilateral TKAs [12, 15] . However, increased acute blood loss during the simultaneous bilateral total knee procedures poses greater risks of hemodynamic complications and transfusion-related problems for patients. Minimally invasive TKA apparently results in a more rapid return of function and less blood loss by limiting the amount of soft tissue disruption than conventional TKA [10, 18] . We hypothesized the proposed faster functional recovery of patients having MIS-TKAs would be more considerable in the simultaneous bilateral procedure.
There are limitations in this study. First, a relatively small number of patients limits interpretation and the generalizability of the study. The number of patients recruited in this study was determined to show differences in rehabilitation milestones, the primary outcomes of the study. To compare the incidence of complications of TKA, a larger number of patients is required. Moreover, owing to limited power some potential benefits of the MIS-TKA might have gone undetected. Second, the results might not be generalizable owing to referral or selection bias. Third, no intraobserver and interobserver observations were performed for the outcome variables. Although the variables were measured by one investigator who was blind to the type of procedure the patient underwent, intraobserver and interobserver analyses could have made the data more reliable. Fourth, the use of general linear models framework using generalized estimating equations would have been proper to account for the within-subject correlation of knee-specific variables analyzed in this study. The mean of both knees was used to account for the within-subject correlation in this study. Finally, the odd/even number method of randomization using a table of random numbers has the potential for selection bias. Other methods of randomization would have been more appropriate.
One advantage of simultaneous bilateral TKAs is reduced overall rehabilitation time and consequent reduction in economic costs [4, 16] . However, this advantage is only noted when the simultaneous bilateral procedure is compared with the sum of two of the separate unilateral TKAs. When compared with one separate unilateral TKA, postoperative rehabilitation after simultaneous bilateral TKAs is slow and difficult because of a twofold increase in the need for postoperative rehabilitation facilities [9] . Also, the time needed for independent ambulation and to achieve acceptable ROM is prolonged in the simultaneous bilateral group [9] . Our data suggest the time to achieve independent ambulation and the progression of ROM were faster in the MIS-TKA group. The advantages of MIS-TKA in early restoration of function have been reported for the unilateral TKA [10, 19] . These advantages of MIS-TKA may be beneficial to patients during the early postoperative period after simultaneous bilateral TKAs.
The greater amount of acute blood loss, which caused greater fluid shift and consequently resulted in cardiopulmonary complications, was reported for the simultaneous bilateral procedures but not for the staged unilateral procedures [6, 9, 11] . Also, the risk of transfusion complications increases with increasing amounts of allogeneic transfusions [4] . Although the amount of blood loss was considerably smaller in the MIS group, the incidence of cardiopulmonary complications was not considerably different in both groups. A relatively small number of patients and the rather strict inclusion criteria of the study might have contributed to this finding.
A higher incidence of thromboembolic complications during the perioperative period has been reported after simultaneous bilateral TKAs [2, 17] . The prolonged operative time in MIS procedures may pose greater risk of thromboembolic complications. However, we observed no clinically detectable deep vein thrombosis or pulmonary embolism in the MIS or conventional group. Faster rehabilitation in the MIS group might have offset the possible increase in the risk of thromboembolic complications by the longer operating time required for the MIS procedure.
The MIS approach in simultaneous bilateral TKAs is advantageous for faster functional recovery when compared with the conventional approach.
